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I. Statement of Problem
This research was concerned with the development of rational, efficient syntheses

of small nido-carboranes, their metal-promoted conversion to larger clusters, and their
incorporation into stable organometallic complexes including structurally novel triple-
and multi-decker transition-metal sandwich complexes.

H. Summary of Important Results

1. Designed synthesis of nido-RR'C2 B4H6 "building-block" carborane
reagents. The method developed originally in this laboratory, involving attack of
RC-CR' alkynes on B5H9 , was extended to generate a large variety of C-substituted
carborane derivatives including bis-, tris-, and cyclic carboranes as shown. These
materials were prepared as potential candidates for VHBR testing and also as ligands for
the construction of tailored metal sandwich complexes, described below.
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2. Controlled substitution at boron in R2 C2 B4 H 6 compounds. A regiospecific
synthesis of B(2/4)-monosubstituted derivatives was developed as shown, thereby

enlarging still further the range of nido-carborane species available as building-block
reagents (previously restricted to C-substituted derivatives as in part 1 above).

-WH R -01 H 2-R
-H2 -

R

proposed
intermediate

/EtBr -t

X-CH2 -0-R 4a R'= H
__ __ 5a R'=Me

X = Br, CI;

R, H, Me

Br(CH2)aPh

[fMet
X =Br, CI 0<

3. Metal-promoted fusion of polys .. ,Ituted and bulky-substituted nido-
carboranes. Our previous studies of fusion o. r'2 2B 4 carboranes via metal complex

intermediates of the type (R2 C2 B4 H4) 2FeH2 were extended to the boron-substituted

species, with the finding that fusion does occur giving the corresponding hexasubstituted
C4 B8 clusters:

RR R

NaH FeCI 2  R 02 R

RR R

R Et, CH 2 Ph
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Fusion was also found to occur even with the bis- and triscarboranes described above,
and with mono- and bis(chromium tricarbonyl) complexes of Ph2 C2 B4 H6 :

Et
NaHi FeCI 2  Et

-H2

(n =6)
Et

Et

Et

Ett

Ett

Et

Et Et

bEt Et

4. Designed synthesis of (C2 B4)M(arene) and (C2 B3 )M(arene) sandwich
complexes. Controlled routes to crystalline, air-stable species containing cobalt,
ruthenium, osmium, or iron were developed. "Decapitation" (base-induced removal of the
apex BH unit) of the C2 B4 complexes generates the corresponding nido-C2 B3 species,
which can accept addition metal-ligand units to generate triple-deckers (see following
section).

OBH oC

[LRuI 2 lR Me2 f"-IMe 2

arene = CeOO, CMe6 , Ru Ru

P4!eCe6i 4CHme2

R a E, PhCH 2
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S. Designed synthesis of triple-decker complexes. Routes were found to homo-

and heterobinuclear triple-decker sandwiches containing bridging C2 B3 cyclo-carborane

rings, including the first such species incorporating second- or third row transition

metals. Species 8 and 10 were crystallographically characterized.

[(cymeno)RuC12]1 Ru

RU

-. NaH or t-C6 H5LI 4 t-C4H-9LIRu Ru-fRu

-H2 -C4 H,0  R -C 4 HIo-1

.ymOene)OSCs1  
Os

6 S O s C l o r 6 S C i

(1) WCHs
(2)Cot 2 Ru CH 2CI2 RIu

OSH OC 9 9a

cymene = MeO CHMe2

Co RuCl 3  Co

j(cymene)RuCI2]x -R I . I

Ru *Ru

t-cH9LI 
10 lOa

Co -Co

so eo

OsOS

1 a (very minor)

6. Designed synthesis of linked multiunit double- and triple-decker sandwich

complexes. As a stepping-stone to electron-delocalized polymers, novel fulvalene-based

and phenylene-linked species were prepared as shown. Structural characterization by X-

ray crystallography were obtained for compounds 1. 6# and 10.

CO C6
CoO1 2  CoC10

2 + Co
Co

, 1 la 2

c, I (minor)

3do-ble~decapitation

Co

daulilo il alo
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7. Controlled substitution at boron positions in metal-carborane sandwich

complexes and construction of B-X-B linked poly(arene-metal-carborane) systems. It

was found that the attack of alkyl halides on (arene)M(R 2 C2 B3H4 )- anions proceeds in a

manner opposite that of the analogous R2 C2 B4 H 5- carborane ions, giving exclusively

B(5)-substituted products, as shown. This finding was exploited in synthesis to

generate novel linked multiunit sandwich complexes as illustrated.

Fe . t-C4 H 9U m. Fe me PhCH2 Br Fe Fe

VA Me M U .I I -C4Hj0

0 Me
H H H 'H

Me Me 49 Me Me Mel Mec Me

ue-- Me -C4Ho Me Me Me Me

Me Me Me

t-C4 H9 U

Me Mo Me

me H H Mo-

Me coMe -4 Me CoMe Me cMe

U--Me Mel LIZ .-. Me Metl

Me MeMe

Br

MM M

< M aromatic hydrocarbon <Q!<

CO CsMes 7
Fe C6 Me6
Ru p-Me-CeH4CHMe2
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